increased considerably and many families now own mobile phones. 2, 3 The massive use of technology can be leveraged to facilitate children's growth and development especially in settings where programs supporting children's growth and development, particularly for those younger than three years, may be inadequate and not accessible to many families. 4 ABSTRACT Background: The massive use of technology can be leveraged to facilitate access to growth and development programs for children. Existing programs supporting such initiatives for children younger than three years are inadequate and not accessible to most families. In most cases, primary caregivers are unable to identify delayed milestones in their children's growth and development due to inadequate information. They therefore often report the cases when they have become very severe and difficult to reverse. In order to promote early identification of possible developmental delays, African Population and Health Research Center together with Val Partners will develop, implement and evaluate the use of mobile phone technology to help caregivers track their children's developmental outcomes. Methods: The study will employ a quasi-experimental design and will use a mixed-methods approach combining quantitative and qualitative methodologies. In one arm, 110 caregivers will be trained on the use of a mobile phone application to assess child growth and development. The other arm, with 110 caregivers, will receive standard care provided by community health volunteers. Child developmental outcomes will be assessed in both arms. Feasibility of the intervention will be assessed qualitatively. Performance data will be compared across the two arms using mixed linear models to assess the effect of the intervention on child development.
INTRODUCTION
It is estimated that up to 95% of the global population lives in areas that have mobile-cellular network coverage. 1 Mobile phone technology has drastically improved communication among people worldwide and especially in developing countries. 1 Like in several other developing countries, mobile phone use in Kenya has Notably, about 250 million (43%) children under five years in low-and middle-income countries (LMICs) are at risk of not achieving their developmental potential. 5 The proportion of at-risk children is higher in sub-Saharan Africa (SSA), at 67%, due to exposure to multiple risks including poverty, malnutrition, poor health, and unstimulating environments. 6 The situation is more critical in informal settlements where residents are disadvantaged in many ways: they are faced with high levels of poverty and food insecurity; and, their children are more frequently sick and experience higher child malnutrition and mortality rates than other subpopulations. 7 In many urban informal settlements, one of the most salient poverty-related caregiving challenges that caregivers face is the provision of appropriate stimulation of children. 8 Residents in urban informal settlements tend to become parents at a much earlier age, with over half of mothers of children under five years being aged below 25 years; about 25% are adolescents. Education levels among such caregivers are lower than among those in the upper socio-economic divides of the population. Low parental education and young parenting age have been associated with poor caregiving, malnutrition and poor health in children. 5 It is essential to empower primary caregivers to be able to care for and stimulate their children for optimal growth and development. Such an intervention should include equipping primary caregivers with basic knowledge on how to assess any delays in their children's development in the course of daily activities for immediate action. 9 For many interventions among children, priority is often assigned to disorders that have a high prevalence, and those which are associated with developmental trajectories that could result in adverse behavioral, social, and psychological outcomes. 9 Even though early assessment is important, there is a shortage of appropriate assessment/screening tools to identify developmental delays contextualized to SSA, hampering efforts to identify and adequately monitor at-risk children. 10 In most cases, primary caregivers are unable to identify delayed milestones in their children's growth and development due to inadequate information on how to assess the key developmental milestones. By the time they report such cases, most of them would have become very severe. To mitigate such situations, parents should be sensitized on how to provide adequate care for development but also be able to detect early signs of developmental delay or impairment. 11 As children's development takes place through daily life activities, caregivers should be able to pick up on early signs of developmental delay during their regular interaction and seek advice in real time.
We propose a project which will utilize mobile phone technology to help primary caregivers to identify, track and respond to delays and challenges in their children's development in a timely manner. Primary caregivers (particularly young mothers) in Nairobi will be trained on how to record developmental milestones achieved by their children in real time, in order to help them identify and address developmental delays early. The innovation will rely on the use of a short messaging system (SMS) where caregivers will receive messages on the expected achievement of a developmental milestone and send feedback in real time. Community health volunteers (CHVs) will carry out home visits to check on the progress of the child, and whether the caregiver is responding to the messages appropriately.
Aim
The proposed study aims to develop and test the feasibility of using a mobile application by primary caregivers to track their children's developmental progress in informal settlements in Nairobi, as well as measure its effect on child development. The proposed work will provide a simple and user-friendly platform for measurement and tracking of key child development indicators. The data generated will provide useful information for development of an up-to scale program for children in the entire country and in similar low-and middle-income populations.
METHODS

Study design
The study will employ a quasi-experimental design and will use a mixed methods approach combining quantitative surveys, qualitative studies, and direct measurements. The study will comprise two arms: the intervention arm in which participants (caregivers and their children) will be trained on the use of the mobile technology and receive monthly text messages and advice about their children's development; and the control arm in which caregivers will receive the standard of care that is provided within the community by CHVs. The allocation of study participants will be based on the locations (villages) within the study site. The selected villages will be randomized to either the intervention or control arm and caregivers residing within the respective villages will belong to the respective arm. At baseline (before the intervention), we will collect information on socio-demographic characteristics, caregiver knowledge and practices on childcare and development, child growth and the developmental stages of the children. The intervention will then be administered for a year. At the end, we will measure and compare the outcomes across the two arms using quantitative and qualitative tools.
Study setting
The study will be conducted in Korogocho ward within Ruaraka sub-County, in Nairobi County, Kenya. Nairobi County which has 17 sub-counties is one of the 47 counties in Kenya. Each sub-County is further divided into wards for ease of administration. According to the 2014 national statistics, Nairobi County has a total population size of about 4,004,400. 12 Korogocho is a densely populated ward with 41,946 residents, and is characterized by high levels of poverty, high fertility rate and a significant proportion of young mothers; 25 per cent of mothers of children under five are aged less than 20 years. 13 Poor feeding and child care practices have been documented among these mothers, 8 and are associated with a high stunting rate (50%) and high infant mortality rate of 57 deaths per 1000 live births. 7 Young mothers lack appropriate childcare knowledge and have limited ability to make childcare decisions; they typically rely on their mothers and other older women for guidance. 8 Moreover, they have limited access to professional advice about childcare due to self and social discrimination. These factors, together with extreme poverty levels, hamper these young mothers' ability to provide the necessary stimulation for their children.
Korogocho ward, where over 2000 mothers of children under five are aged 15 to 19 years (unpublished data), provides an ideal setting for testing an intervention for enabling women to actively monitor and respond to their children's development in real time. Two groups of villages located at the extreme ends of Korogocho will be included in the study. Caregivers and their children residing in these villages and meeting the criteria will be invited to participate. The two groups will be randomly assigned to either intervention or control arms of the study, and the villages between them will act as a buffer zone to avoid contamination across the two allocations.
Study population
The project will target young mothers (including adolescents) of children under the age of two years and living in Korogocho. Efforts will be made to ensure equal representation of genders in the intervention as both fathers and mothers will be included during all communications and activities related to the project.
Primary caregivers and their young children aged between 6 and 24 months residing in selected villages of Korogocho will be recruited into the study. In each village, households with children in the eligible agegroup will be identified using the Nairobi Urban Health and Demographic Surveillance System (NUHDSS) database. The NUHDSS is conducted annually by the African Population and Health Research Center (APHRC) in Korogocho ward. A list of all potential participants will be generated and the required number will be randomly selected and approached about the study. We will work with CHVs within the respective villages to locate the mothers/ primary caregivers and to invite them to participate.
Inclusion and exclusion criteria
Primary caregivers will be eligible to participate if they have a child aged between 6 and 24 months, are willing to participate in the study and will be resident in Korogocho for at least one year. Only primary caregivers with access to a phone will be considered for the intervention arm.
Any short-term residents (less than one year) will be excluded from the study. Children above two years will also be excluded from the study. Also excluded will be women (or men) incapable of giving consent (e.g. those with mental illness).
Sample size calculation
The sample size was calculated using G*Power program where the program was set to a one-sided t-test involving the difference between two independent means. 14 Using a priori power analysis, we input the values of 0.05 and 0.84 for significance levels and power, respectively. Additionally, equal-sized sample groups are assumed, meaning the allocation ratio of N1 (intervention group) to N2 (control group) is 1. The calculation produced a sample size of 100 for each group, which allowing for a 10% attrition rate gave a result of 110. We therefore hypothesize that with 100 caregiver-infant dyads in the intervention group and 100 in the control group, the sample size achieves 84% power to detect a difference among the two groups, with an effect size of r=0.3, at the 5% significance level (one-tailed test). A sample comprising a total of 220 households (110 caregiver-child dyads in each arm) will therefore be recruited.
The intervention
APHRC in partnership with Val Partners, will develop an ECD mobile phone technology application to help young mothers track and respond to their children's developmental progress in a timely manner. The proposed intervention focusses on improving caregivers' knowledge, attitudes and practices on children's growth and development through training, use of mobile phone technology to track and stimulate their children's growth and development, identifying developmental delays, mentorship visits by CHVs and referral to a health facility to address the identified developmental delays.
The specific intervention will be developed through the following steps (Figure 1 ).
Co-designing the mobile application with the caregivers and CHVs: In the first few months of the project, the project team will co-design the mobile application with caregivers and other stakeholders involved in the project that will enable primary caregivers to track and respond to developmental progression of their children. Appropriate child stimulation messages will initially be created together with caregivers, through focus group discussions to establish the type of messages to be delivered to caregivers based on their current caregiving practices, and social and cultural contexts. This information will be used to develop, with other partners, a health-messaging platform for use with mothers or caregivers.
Training of the CHVs and the caregivers: CHVs and caregivers will be trained on how to use the mobile application to record achievement of milestones and track children's growth and development.
Caregivers will receive monthly stimulation messages on play and communication activities to engage in to enhance their children's development. The mobile phone technology innovation will be programed to generate customized child stimulation messages based on the age of the child and previous feedback.
Home visits: These will be conducted monthly over a period of approximately 12 months. CHVs will visit the homes regularly to establish if the child stimulation messages received by caregivers are being put into practice.
Referrals and connections to other services for families in the areas of health and nutrition:
When the child's development is delayed, this will be flagged on the mobile app system and a message will be sent to the assigned CHV for action. The CHV will then visit that particular household so that s/he can provide the necessary support to the caregiver to address the delay.
The overall solution structure utilizes existing CHVs to link with caregivers in marginalized communities to track and capture early childhood development indicators, and respond to developmental delays in a timely manner. The intervention is based on training and mentoring CHVs on the use of mobile technology to track children's growth and development and to identify key development delays. The CHVs will visit households to train caregivers on how to assess their children's growth and development, how to stimulate their growth and how to respond to the messages received on mobile phone technology to report any developmental delays. Since CHVs are part of the existing health system in Kenya, their regular interactions with mothers/ primary caregivers enhance community acceptance.
The control arm
Caregivers and their children in the control arm will receive the standard care provided by the ministry of health through CHVs. In this system, CHVs are recruited and trained in supporting and coordinating health activities in the communities where they live. Each CHV is allocated specific households which they are responsible for. CHVs follow up on health, growth, nutrition, and development of children under five years and advise or refer as necessary. They also monitor immunization status, and administer routine deworming tablets and vitamin A supplements. They participate in community mobilization and sensitizations and reporting in case of disease outbreaks. CHVs support various non-government health programs that are conducted within the community.
Figure 1: Implementation process.
Data collection procedures
Recruitment and training of data collection field workers
We will recruit and train two research teams. The quantitative team will collect quantitative data including socio-demographic data and infants' developmental scores at baseline, mid-line, and end-line. The qualitative interviewers will conduct in-depth interviews and focus group discussions with caregivers, CHVs, sub-county and county personnel. The teams will be trained on the general study procedures including ethical issues, consenting, and specific procedures in which each will be involved. Data quality, accuracy and completeness will be emphasized.
Qualitative data
Qualitative interviews will be conducted with caregivers, CHVs, policy makers/implementers, healthcare managers and providers at the national, county and sub-county level as appropriate, to determine their perceptions on the intervention including its importance, feasibility and efficiency, among other aspects. This will help in assessing whether the stakeholders will value the program, that is, whether they think the program will meet their needs.
Focus group discussions with CHVs and caregivers of children under two years will help in understanding their needs and potential solutions to such needs. Qualitative interviews will be held with both female and male caregivers to establish the feasibility of using the mobile application in tracking children's developmental outcomes, their role in the project, perceived benefits of the intervention, and facilitators and hindrances to their participation in caregiving activities. In addition, key informant interviews with members of the sub-county health management team and providers of early childhood development (ECD) services will help in understanding the gaps in early identification of developmental delays and how the program will address the identified gaps.
CHVs will be interviewed on their experience with the mobile application, their perceptions on the feasibility of its use to track children's developmental progression, and their perceptions on the support they provide to caregivers using the mobile application to track children's developmental progression.
Information on caregiving knowledge and practices will be obtained at baseline (before the intervention starts), midline (halfway through the intervention) and at endline (after a period of twelve months of the intervention) to measure change. Data on operational feasibility of the mobile phone technology plus home-based ECD intervention will be collected at baseline, midline and end-line.
Quantitative methods
Quantitative questionnaires will be used to establish the use of the mobile application. Data will be collected through interviews with both mothers and fathers about their experiences with the mobile phone technology, and with caregiving. Caregiver knowledge, attitudes and practice (KAP) will be measured using a set of questions that cover topics such as appropriate care, feeding practices, play and communication activities and learning activities likely to promote holistic development in children. Caregiving knowledge will be assessed through maternal report of the different aspects of child development. We will use ten questions on caregiver ECD knowledge which will be scored on a Likert scale ranging from '1' =agree completely to '4' =disagree completely.
Caregiving practices will be assessed by maternal selfreport of their responsiveness and the opportunities for age-appropriate play and learning available to the child at home. The mother/caregiver will also be asked about their involvement with the child, acceptance and provision of learning materials. Trained field workers will administer the protocol for child monitoring -infanttoddler version (PCM-IT) to assess children's developmental outcomes. The items on the PCM-IT are derived from tools including the Kilifi developmental inventory, the developmental milestones checklist and the profile for socioemotional development. Information on children's functioning is obtained through a combination of caregiver self-reported questions and direct observations, similar to the procedures used in a study conducted in Kilifi, Kenya. 15 These tools were validated among young children in rural communities and they exhibited community acceptability. At baseline, we will also administer the ages and stages questionnaire -third edition (ASQ-3) to establish children's 'developmental' age before the start of the intervention. 16 This information will be used to determine the starting level for the first and subsequent messages that will be sent to the caregivers. For instance, with regards to motor development, if the child is able to 'sit on his/her own,' the messages that will be sent to the caregiver at the first contact will be those where the mother will be encouraged to stimulate the development of the next milestone, that is, crawling. The ASQ-3 is used to measure children's developmental outcomes in terms of their gross and fine motor skills, language, socio-emotional and physical development through a combination of primary caregiver self-reported questions and direct observations. 17 The ASQ-3 is a globally used primary caregiver-reported, easy-to-use, reliable, and validated screening instrument for identifying potential developmental delays among children aged between two and 60 months.
Data analysis
Qualitative data will be transcribed into Microsoft Word files and imported into NVivo software to identify primary and meta codes and major themes. Analysis across transcripts will be done thematically.
Differences in caregiver KAP and wellbeing at baseline and end-line for the intervention and control groups will be determined by summing the scores on the items and running a t-test for comparison.
For child developmental outcomes, raw scores will be constructed by adding all the items passed for each domain on the PCM-IT. Composite scores will be computed by summing the scores across all the domains. As we expect scores on each test to increase with age, the scores will be standardized for age to allow for direct comparisons across tests. After the data are cleaned, quantitative data analysis will be performed using Stata. A first set of analyses will consist of descriptive statistics. This will allow us to detect similarities and/or differences between subjects' characteristics across the different groups. We will compare some baseline measurements between the control group and intervention group using the t-test adjusted for continuous variables, and clusteradjusted chi-square for binary variables. The second set of analysis will consist of assessing the causal effect of the ECD intervention in Korogocho via the DID estimator, and mixed linear models. Individual items on the PCM-IT will be reviewed for missing data, as well as for floor and ceiling effects. In the case where more than 10% of the responses on the items are missing, the data will be excluded from further analysis. The time taken to complete the assessment will be calculated. We will also calculate the totals by summing the scores of the items included in the tool to establish children's performance levels at baseline and at end-line. This will enable us to identify child development domains that have acceptable variability.
Ethical considerations
The study will be conducted after review by the APHRC's internal scientific review committee has been completed and ethics approval was obtained from the Amref Health's Ethics and Scientific Review Committee (ESRC) and the National Commission for Science Technology and Innovation (NACOSTI). The investigators have undergone training in protection of human subjects in research, and the National Institutes of Health (NIH) web-based training course on the protection of human participants. They are therefore cognizant of the fundamental principles in research on human participants: respect for persons, beneficence, nonmalevolence and justice. Field-workers will also receive training on research ethics. We shall seek informed consent from all study participants. For those who cannot read, the information sheet will be read to them in English or Kiswahili and they will be asked to provide a thumb print to signify their consent in presence of a witness.
DISCUSSION
The project examines the feasibility and impact of utilizing mobile phone technology to enable caregivers to track/monitor their children's development in real time. The innovation requires that users (caregivers) have access to a phone to receive and respond to the monthly text messages about children's milestones. Given that about 80% of the general population in Kenya has access to a mobile phone, we expect that even in a very poor community like Korogocho, a large proportion of the population will be eligible to participate in this project.
During the implementation, we will capture information on perceptions of caregivers and CHVs on the use of mobile phone technology to track children's development, and their experiences with the intervention. We will engage CHVs to follow up caregivers who may be slow in responding to the messages. If this intervention proves feasible and is seen to have impact, we expect that CHVs should be able to support it at the community level.
We are working with a low income population for whom affordability of airtime may be a challenge. Although the cost of sending the text messages will be borne by the project throughout its duration, one of the considerations that we will need to make in the scale-up is the participants' willingness to pay. This project is expected to generate useful information that will inform the scaling up of the mobile phone technology to other counties in Kenya, and other resource-limited settings in SSA. Involvement of the county health and education representatives and CHVs throughout the project is expected to promote buy-in and support for the sustainability of the innovation.
